| INTRODUCTION
Zika virus (ZIKV) was first isolated in Uganda in 1947.
1,2 ZIKV outbreaks have recently been described in Yap Island (2007), 3 French Polynesia (2013), 4 and Brazil (2015), 5 reaching many countries in the Americas by 2016. [6] [7] [8] [9] [10] [11] [12] [13] [14] ZIKV is an arbovirus, belonging to the Flaviviridae family. It is transmitted by Aedes ssp, mainly Aedes aegypti and Aedes albopictus. 15, 16 Initially, ZIKV infection was only associated with mild clinical symptoms such as cutaneous rash, slight fever, and arthralgia. 17 However, it has recently been associated with neurological disorders such as GuillainBarré syndrome in adults [18] [19] [20] [21] [22] [23] and microcephaly in newborns. [24] [25] [26] In
February 2016, the World Health Organization declared a Public Health
Emergency of International concern due to ZIKV infection, 27 which ended in November 2016. As of March 2017, 84 countries and territories had reported the presence of local ZIKV infection. 28 The ZIKV genome is composed of a 5′-capped untranslated region (UTR), one open reading frame (ORF), and a 3′-UTR. 29 The ORF encodes a 3419 amino acid long polypeptide, which is processed into three structural proteins including capsid, precursor of membrane, and envelope, and seven nonstructural proteins, NS1, NS2A, NS2B, NS3, NS4A, NS4B, and NS5. 29 Numerous cell surface molecules have been described to mediate ZIKV attachment and entry, including dendritic cell-specific intercellular adhesion molecule-3-grabbing nonintegrin, highly similar to the ones isolated in Cambodia in 2010 35 and Yap island in 2007. 36, 37 In addition, those isolated in Brazil in 2015 were very similar to the ones from French Polynesia and were also classified as Asian strains. 38 Although the strains isolated in the Americas belong to the same lineage as the ones isolated in the Pacific Islands, the clinical consequences of ZIKV infection were completely different. During the French Polynesia outbreak, there was an increase in cases of GuillainBarré syndrome in adults while during the Brazilian outbreak, there was an inexplicable increase of microcephaly in newborns. 23, 24, 38 After ZIKV spread to other countries in the Americas, cases of microcephaly associated with ZIKV infection were also described [39] [40] [41] [42] but not in a profuse number as in Brazil, indicating that other cofactors might play a role in the pathogenesis of ZIKV infection.
Because the most intriguing fact related to ZIKV infection is the association of some viral strains with neurological diseases, several animal models have been developed to address these clinical findings.
However, when high doses of virus were used in the experiments, both lineages caused neurological diseases. [43] [44] [45] [46] The direct comparison of African and Asian strains is complicated by the fact that African strains have been passaged for hundreds of time since they were isolated 70 years ago, which could have introduced modifications in the virus genome. This might explain the new pathological manifestations in the animal models, which were not previously observed in humans at the time of the initial virus isolation. Up to now, there has been no systematic evaluation of ZIKV strains isolated from different outbreaks.
In this study, we systematically examined the permissiveness of 4 ZIKV strains in 14 cell lines/types, of which 10 are human and 4 are nonhuman. The results provide important insights into the tropism of the ZIKV strains in different cell types.
| MATERIALS AND METHODS

| Antibodies
Peptides of ZIKV structural envelope protein (NDTGHETDENRAK) and nonstructural NS1 protein (EAWRDRYKYHPDSPRR) were designed based on Asian ZIKV strain H/PF/2013 (Genbank# KJ776791.2), synthesized and primary antibodies against these proteins were generated by Chempeptide Limited (Shanghai, China). As previously described both antibodies can recognize Asian and African strains. 47 Antibody to β-tubulin was purchased from Sigma-Aldrich (St. Louis, MO).
Horseradish peroxidase-conjugated goat anti-mouse and goat anti-rabbit antibodies were obtained from Santa Cruz Biotechnology (Dallas, TX). 
| Cell culture
| Virus infection
All cell lines were infected at one MOI 24 hours after seeding. Quantitative PCR analysis was performed on a Biorad CFX Connect
Real-time System using SsoAdvanced Universal SYBR Green Supermix (#172-5271, Biorad, Hercules, CA). The relative expression levels of target genes were normalized to the expression levels of the internal control genes yielding cycle threshold ( −ΔΔ 2 Ct ) values. As an internal reference, α-tubulin was used for human cell lines while β-actin was used for murine and monkey cell lines (Table 1 ). All reactions were run in triplicates. Relative expression of normalized target genes at time points at 24, 48, and 72 hpi were normalized to 3 hpi, which is the first time-point to have a detectable cycle threshold. This might reflect the background of the assay and/or inoculum that remained attached to the cells after postinfection washing steps.
| Plaque assay
Plaque assay was performed to determine the viral titer for the ZIKV 3 | RESULTS
| Permissiveness of ZIKV infection among human cell lines
Most of the human cell lines were efficiently infected by ZIKV, producing viral titers at the range of 6.0 to 7.5 log 10 PFU/mL ( Figure 1A ). THP-1 cells have previously been reported as nonpermissive to ZIKV infection. 30, 48, 49 Before infection, these Figure 2B ). Figure 3A) . However, these differences did not affect the levels of the positive viral genome. Figure 3B ). Because we only detected low levels of viral titers and no viral protein in MM cells ( Figure 1B and 2 B) , we concluded that ZIKV infection was inefficient in these cells.
| ZIKV genome replication in nonhuman cell lines
| DISCUSSION
In this study, we examined the susceptibility of 10 human and We have found that ZIKV African strains, in general, have higher infection efficiencies than Asian strains. It has been speculated that the more severe neurological diseases associated with the recent ZIKV outbreaks (which were not observed in the past) could be due to the differences in the strain virulence. In this context, higher replication efficiencies of the African strains in human cells might offer some explanations. In this study, we have also observed a faster cytopathic effect of African strains and larger plaque formation for Asian strains during virus production. Similar results were observed in another study, which described that an African strain had higher infection and dissemination rates in Aedes aegypti mosquitoes than an Asian strain. 56 In addition, infection by African strain resulted in fatal disease in Ifnar1 −/− mice while infection by an Asian strain had a lower mortality rate. 56 Interestingly, a recent isolated Asian strain had a guanineadenine nucleotide mutation in the membrane protein resulting in smaller plaque sizes and less virulence than other Asian strains. 57 Another study showed that African and Asian strains had similar replication rates in Vero cells but African strain had a faster replication rate in C6/36 cells and low infection rate in A. aegypti mosquitoes.
Although both strains could infect chick embryos, infection by the African strain resulted in a higher mortality rate. 58 Figure 1A) . However, African strains IbH30656 and MR766 expressed higher levels of NS1 protein than those of Asian strains at 72 hpi (Figure 2A) . Surprisingly, the efficiencies of viral genome replication were more than 100 times higher for African than Asian strains at 72 hpi with the Asian strains at almost undetectable levels ( Figure 3A) . It was unclear why such differences in viral protein expression and viral genome replication did not translate into viral titers.
Huh7 cells were efficiently infected by PRVABC59 and 976
Uganda ZIKV strains with viral genomes detected at 9.0 and 10.0 log 10 copies/mL, respectively. 49 Viral protein expression was detected in 60% and 80% of cells infected by PRVABC59 and 976
Uganda, respectively. 49 In our study, Huh7 cells had the highest viral titers among all types of cells tested (>7.0 log 10 PFU/mL). Chan et al 49 
